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Abstract    Effect of three curing temperatures and two periods after coating of both silane and silane-siloxane layers on 
the surface protection abilities of concrete was investigated. Three temperatures were 5qC, 20qC and 60qC. One 
period was three days at 5qC, 20qC and 60qC, respectively, then eleven days at 20qC. Another was fourteen days 
at 5qC, 20qC and 60qC, respectively. The higher the temperature was, the deeper a penetrating depth and the 
lower ratios of water permeability and chloride-ion penetration were. On the other hand, a ratio of water 
absorption was little decreased when the curing temperature was increased. As for the curing period, there was 
only a little difference between the two in the measurement. This means that the difference within three days at 
















































































































Fig.1 Reaction scheme of silane 
RO䠉Si䠉OR  +  H2O               RO䠉Si䠉OH +  ROH
R R
OR OR
RO䠉Si䠉OH  +  HO䠉Si䠉OR               RO䠉Si䠉O䠉Si䠉OR +  H2O
OR OR OR OR














R : Alkyl group
OR : Alkoxy group(1)
(2)
Fig.2 Image of silane condensation reaction on 







































































(2) Forming surface protection layer of siloxane bond by condensation reaction
(1) Fixing on the pore surface by silane hydrolysis
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Table 7 Symbols in Figs 








Sample D   
Sample H   
Sample J   
Untreated 
Table 6 Viscosity measurement of penetrant D 
Method 
(JIS Z 8803) 






(Υ) 5 20 60 
Viscosity 
(mPs࣭s) 6.5 6.0 5.0 
Table 5 Testing items and standards 
Testing item Testing standard 
Gloss Gloss meter(Type CM-508) 






Table 2 Materials used in concrete 
Material Symbol Substance Specification 
Cement C Ordinary Portland cement 
Density:3.16g/cm3 
Specific surface area:3.280cm2/g
Water W City water 㸫 
Coarse 



















Lignin sulfonate and 
oxycarbonate 






















1.1 4.0 22.0 
50 51 340 914 0.9 4.3 18.0 
60 53 283 960 1.4 4.1 19.0 
Table 1 Experimental factors and levels 
Factor Material and level 
Type of  
surface treatment  
material 
Penetrant Sample D㸸Silane 
Combined 
type Sample H㸸Silane + Silane-Siloxane 
Control 
Sample J㸸Typical commercial penetrant 
Untreated 
Surface temperature (Υ) 5, 20, 60 
Relative humidity (%) 60 
W/C(%) 30, 50, 60 
Table 4 Characteristics of treatment materials 
Material Type Concentration (%) Catalyst Characteristic 





siloxane 18 Yes 
Generating a polymer on the 




Silane 15 No ̿ 
*Deduced from its catalog and MSDS data sheet 
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Fig.5 Relationship between curing period 3d and 14d 
in gloss measurement 
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Fig.6 Relationship between 
temperature and color difference 
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Fig.7 Relationship between curing period 3d and 14d 
in color difference measurement 
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Fig.9 Relationship between curing period 3d and 14d 
in penetrating depth measurement 
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Fig.10 Relationship between the 
temperature and ratio water permeability 
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Ratio of water permeability(%)
(Curing period 3d)
Fig.11 Relationship between curing period 3d and 14d 
in ratio of water permeability measurement 
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Fig.8 Relationship between 
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Ratio of water absorption (%)
(Curing period 3d)
Fig.13 Relationship between curing period 3d and 14d 
in ratio of water absorption measurement 
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Fig.12 Relationship between 
temperature and ratio of water absorption 
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Fig.14 Relationship between 
temperature and ratio of chloride-ion penetration 
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Ratio of chloride-ion penetration (%)
(Curing period 3d)
Fig.15 Relationship between curing period 3d and 14d 
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